United States national mortality data have been used to elucidate the epidemiology of strokes in several publications in recent years1`and to serve as an index of medical care needs.' A conservative estimate has indicated that the total number of people dying of stroke has doubled from about 100,000 in 1934 to a bare minimum of 200,000 in 1965.8 If epidemiologic and Medical Care programs are to be based on stroke mortality data-before death, many of the decedents will have made heavy demands on medical resources-knowledge of the accuracy and reliability of the stroke diagnoses that are entered on death certificates is urgently required.
The present study is an analysis of the errors arising through use of the death certificate data of stroke victims. Components of this error are derived from the estimation of mortality from only a single underlying cause of death, from the conventions of coding, from faulty classification and from mistaken or unsubstantiated diagnosis.
Since death is ascribed to a single underlying cause in the published national mortality statistics, information about other diagnoses that may appear on the certificates is inevitably lost. The analysis described in this paper is concerned with the procedural and statistical aspects of the use of mortality data, especially the error that is made because of the failure to use all the recorded information. A second analysis, to be reported later, will examine the error arising from unsubstantiated or faulty diagnosis by relating the certificate diagnosis of stroke to the medical records of the deceased.
MATERIALS AND METHODS
The study population comprised all New Haven residents over the age of 15 who had died in the years 1959 through 1964 and whose certificates indicated that vascular lesions of the brain had contributed to death. The population at risk was taken as that enumerated for New Haven by the 1960 census.' This population contained 114,615 persons aged 15 years or more of whom 43.1 per cent were white and 5.7 per cent nonwhite males, 44.6 per cent white and 6.5 per cent nonwhite females.
All death certificates filed in New Haven during the study period were searched; those belonging to residents and mentioning vascular lesions of the brain, hemiplegia, and cerebral atrophy either as the underlying or a contributory cause of death were abstracted. The certificates of City residents who had died outside New Haven but within Connecticut of vascular lesions of the brain were also abstracted after being identified by the New Haven Health Department. It was not possible to find the certificates of residents who died outside the state. The search was performed twice, by two of the authors who were working independently, and it is believed that all the relevant certificates were obtained.
The single underlying cause of death used in the published national mortality tabulations was originally coded on each certificate by state Public Health personnel using the WHO International Statistical Classification (1955)1 for mortality data.
Subsequently, all diagnoses appearing on each certificate were recoded by the present authors according to the international classification of disease adapted by the U.S. Public Health Service for indexing hospital records.7 This is essentially similar to the WHO International Statistical Classification for mortality data but, by greater use of a fourth digit, it offers more subdivisions of the main categories. Table 1 shows the relationships between the two codes for certain lesions of the central nervous system. 
RESULTS
Of the 1,426 certificates abstracted, 1,038 had been coded for state and federal publications under C.V.A. rubrics (group 1 certificates). The remaining 388 (27%o) had been tabulated under other rubrics (group 2 certificates). This division is shown in schematic form in Figure 1 .
The distributions of deaths for group 1 and group 2 certificates are given in Table 2 Tables 3 and 4 show the relationship between the coding of the various causes of death that appeared on the certificates. Table 3 relates the published cerebrovascular diagnosis (group 1) to our own coding. The majority of the published diagnoses correspond to our own. Ten diagnoses can, however, be seen to be discrepant; for instance, the three deaths due to cerebral hemorrhage as underlying cause were actually stated on the death certificate as being due to thrombosis. Of these ten, seven were due to errors in coding by the Health Department and three to differing choices of the most important cerebral event among several mentioned on a certificate.
In Table 4 , group 2 certificates are arranged according to the underlying diagnoses, which, by definition, are diseases other than C.V.A., which occurred most frequently. In 75 per cent of the deaths these diseases were diabetes, arteriosclerotic heart disease, myocardial degeneration, or hyper- tension, all of which are well known to be associated in one way or another with the various kinds of cerebrovascular disease. The distributions of group 1 and 2 certificates by C.V.A. rubric are given by the totals of the columns in Tables 3 and 4 respectively. These distributions differ significantly from each other, with more reports of subarachnoid hemorrhage, and cerebral thrombosis in group 1 than in group 2, and a larger number of cerebral embolism, chronic brain syndrome, and hemiplegia cases indicated in group 2 than in group 1. This is summarized in Table 5 which shows the percentage of certificates in each group bearing a specific C.V.A. diagnosis. Of certificates mentioning subarachnoid hemorrhage 90.2 per cent were coded for the published data as C.V.A.'s whereas only 18.2 per cent of the diagnoses of hemiplegia appear as such. The percentages under the group 2 heading indicate the extent to which the published records under-represent all traceable cases of persons whose certificates state they died with a cerebrovascular disorder. In New Haven, setting aside for the moment the problem of the accuracy of diagnosis, this means that published mortality data underestimate the stroke problem by 27 per cent. Six-year age-adjusted death rates based on all certificates can be seen in Table 6 . The white male population of New Haven in 1960 was used as a standard for age adjustment. Significant differences (at the 5 per cent level or less) between the rates for the same sex of different races and for different sexes of the same race are given in the table.
Ratios of these rates and of those of group 1 were examined in the combinations indicated in Table 7 . Only the ratios for all rubrics combined, for cerebral hemorrhage and for thrombosis are tabulated, as the number of deaths under the other rubrics was very small and the ratios could not be examined reliably. No difference could be found between values for a given ratio estimated from all traceable C.V.A. deaths and from only those enumerated in the published national statistics. Figure 2 shows the seasonal distribution of deaths by month. The largest number of deaths occurred during the winter with a peak in February and the smallest number in September; there is also a suggestion of a secondary peak in July and August. The pattern is similar for the two groups plotted although there are nonsignificant discrepancies in June, July, and October which are indicated by the arrows. The proportion of deaths in each month in which, according to the death certificates examined, respiratory infection was involved bears no relation to the seasons.
DISCUSSION
The results will be discussed first as they throw light on the validity of (9) Observed number of deaths shown in parentheses. When certificate groups 1 and 2 were treated separately, the same differences were found, except for 334, where the rates did not differ significantly from each other. This would seem to mean that (setting aside diagnostic accuracy), in New Haven at any rate, unbiased conclusions can be drawn from the published data alone about the mortality of C.V.A. as it relates to these demographic variables (see Table 2 ) regardless of whether the person was considered to have died of the stroke or simply to have suffered it before death and died with it.
This finding has particular significance for conclusions based on the ratio of male to female age-specific or age-adjusted death rates. The ratio is dependent on only three variables: age, sex, and race. It has epidemiologic value as an indicator of differences in death rates between the sexes, and of secular changes in these differences which, when calculated for areas with uniform certification methods, are relatively free from physician bias. The statistic reflects the relationship between the rates but not their absolute values, since, during the calculation, the denominators of the rates cancel out.
We calculated each ratio first from the age-adjusted rates derived from all the certificates (an estimate of the total number of strokes contributing to death) and then from group 1, (the rates that would be obtained from the published data). As expected, no ratio calculated from one group of certificates differed from its pair calculated from the other. Within the limits of this type of analysis, then, it would seem that the use of a single cause of death tabulation is free from bias.
A further similarity is to be found in the plots of the seasonal distribution of C.V.A. deaths which were closely parallel regardless of the certificate group from which they were calculated. If a larger sample had been obtained the arrowed differences in the summer months (Figure 2 ) might have been found significant, but on the available evidence, the distribution is unaffected by the present procedure of tabulating a single cause of death.
However, significant bias does arise in the distribution of deaths by rubric and, although this may in part be attributable to the natural history of the disease, it may also be due to the conventions of coding. For instance, the greater proportion of cerebral embolism in group 2 is probably due to the rule that precedence as underlying causes of death will be given to the diseases giving rise to embolus formation (rheumatic heart disease, myocardial infarction, arrhythmias, etc.). There are also more "vague" C.V.A. diagnoses in group 2 certificates because coders tend to give precedence to more precise diagnoses whenever these are written on the certificate. In addition to these observed discrepancies, it is also probable that mortality from hemorrhage is artificially exaggerated, for when a physician, uncertain of the exact diagnosis, enters "C.V.A." or "stroke" on the death certificate, the rules require that this entry be coded as hemorrhage (ISC 331). Since far and away the most likely alternative diagnosis is thrombosis, this practice will not only inflate the death rate from hemorrhage but will presumably also cause underestimation of the death rate from thrombosis. Support for this suggestion is to be found from studying the ratio of ageadjusted, or, for certain ages, age-specific death rates for cerebral hemorrhage as against those for the thrombo-embolism group. These ratios calculated from the published data have been consistently greater than unity both in New Haven and in the country as a whole, yet in several recent incidence studies8'9 where reasonable steps have been taken to confirm diagnosis it has been found to be less than one. In England and Wales it fell below unity in 1955.10
On the other hand, as has been stated above, subarachnoid hemorrhage is attributed to a C.V.A. cause of death in more than 90 per cent of cases and appears as subarachnoid hemorrhage itself (i.e. under rubric 330) in 86 per cent of all cases. As our study proceeds we may well find that the published data give a true picture of this particular kind of C.V.A., as not only are the statistical errors relatively small but it may also prove to be the C.V.A. most easily diagnosed, as suggested in a recent British study' that compares certificate diagnoses with necropsy data.
The frequency with which other of the individual diagnoses are published under C.V.A. rubrics (about 75 per cent for cerebral hemorrhage and for thrombo-embolism, less for other C.V.A.'s) indicates that the published data give not only an underestimate of the magnitude of the C.V.A. problem, but that this underestimate is liable to different biases according to the individual kind of C.V.A.
Comparison between the C.V.A. mortality in New Haven and elsewhere in the United States was made in an attempt to determine the extent to which the death certificates used in the study are an atypical group and whether they might form a reasonable basis for drawing conclusions about the problem in the nation at large. It was found that although there were similarities there were also important differences. The relationships between death rates for the various rubrics compared on a demographic basis in this study are similar to those found both in the National Statistics' and in another local study in Memphis, Tennessee carried out by Krueger, Williams, and Paffenbarger.' In all three, higher age-adjusted rates for non-whites than for whites appear for cerebral hemorrhage and for all rubrics combined, and in all three there is little if any racial difference in rates for thrombosis (ISC 332).
Thrombo-embolism and hemorrhage accounted for the same proportion of the total of published C.V.A.'s in New Haven as in the nation. Cerebral thrombo-embolism occurred in 30.7 per cent of all published C.V.A. deaths in persons 15 years old or more in the United States for the years 1959-1964, as compared with 33.5 per cent in the present data (group 1 certificates); hemorrhage occurred in 56.4 per cent and 54.5 per cent respectively.' Figure 2 shows that New Haven has the same seasonal patterns for C.V.A. mortality as those described by Wylie for both the United States and England and Wales.'4 The actual percentage values differ a little but the same high in the winter and low in the late summer can be seen. Seasonal analysis of Japanese deaths shows the same general pattern although the trough is a little earlier in the year."
Despite these general similarities there are also important differences. The National Center for Vital Statistics has recently published a special report'e which presents an analysis of the secondary and contributory causes of death in the nation during the year 1955. We show some of the analysis in Tables 8 and 9 . In the present study, C.V.A. as a secondary diagnosis on a certificate tends to be associated with the underlying causes of death of diabetes, arteriosclerotic heart disease, and hypertension. For statistical reasons we are unable to say whether the association of C.V.A.'s with these particular diseases is in excess of expectation, but it would seem that they are as they account for some 75 per cent of all associations. This conclusion is in agreement with data from the national study. Table 10 shows for the New Haven and the national studies the per cent of all certificates mentioning C.V.A. as a secondary cause of death for which the underlying causes of death were diabetes, arteriosclerotic heart disease, and hypertension. Although the proportion of deaths due to arterio- sclerotic heart disease is similar in both studies, those due to the other two diseases differ considerably. There is a 2/2fold difference in the frequency with which diabetes is mentioned as an underlying cause of death in New Haven as compared with the nation. This discrepancy could be due to sampling in the National study or to the possibility that the natural history of the disease differs in different parts of the country. In our opinion, however, the most likely explanation is that it is a reflection of the higher standard of death certification in New Haven than in the nation at large, a probable effect on standards of a large University Medical Center in a citv with a population of 152,000. The reliability of the actual diagnoses remains to be tested, but there are preliminary grounds for believing that this is a definite source of error as discussed earlier in regard to over-diagnosis of cerebral hemorrhage. This belief is supported by the British study mentioned above which indicates that faulty diagnosis is responsible for a considerable error in estimates of the stroke problem in England and Wales.
In conclusion, although the quality of certification in New Haven may be a little better than in the nation at large, many aspects of the local data are closely similar to those of the national data. It would seem that any attempt to judge the magnitude of the stroke problem from published mortality data may lead to an underestimate of about 27 per cent for all cerebrovascular accidents, but that this varies according to the actual pathology of the lesion. It means that instead of 200,000 deaths from cerebrovascular accidents in the nation in 1965 there may have been as many as 254,000, all mentioned on death certificates.* This estimate will have to be readjusted, however, when we determine the extent of the error arising from misdiagnosis. Center of Health Statistics. The remaining 388 (27.2%o) were considered as secondary causes and did not appear in the published data.
Deaths in which C.V.A. was a secondary cause were distributed by age, * Since this paper was written one of us has, using a more direct method, recalculated this statistic from National data'7 and estimated it to be 385,000.
sex, and race, in the same way as those in which C.V.A. was an underlying cause. The probability of a given type of C.V.A. being coded under a C.V.A. rubric in the published tabulations varied between 18.2 per cent for "hemiplegia" (ISC 352) and 90.2 per cent for subarachnoid hemorrhage (ISC 330).
Seventy-five per cent of certificates not coded as C.V.A. were included in official tabulations under ISC rubrics for diabetes, arteriosclerosis, and hypertension.
It is estimated that, as only 73 per cent of the reported C.V.A.'s in this study contributed to the published mortality data, the figure of 200,000 deaths from C.V.A. in the nation in 1965 was an underestimate and that it may have been as high as 254,000.* APPENDIX The standard errors for age adjusted death rates were calculated from the following formula :** Variance of rate2
Rate2 IRate1 Rate3
where the variance of the rates were calculated from the formula in the first paragraph.
